A 48-year-old woman with intracranial hemorrhage at the right hemisphere and the right midbrain was diagnosed as Moyamoya disease (MMD). While restoring consciousness, she complained of diplopia. The left hypertropia with a compensatory right head tilt was noted. The follow up brain image showed the evidence of past hemorrhage at the level of the right inferior colliculus. In this case, the hemorrhage directly damaged the right trochlear nucleus or intra-axial trochlear nerve before decussation and caused left (contralateral) hypertropia. To our knowledge, no report has been described of the trochlear nerve palsy in hemorrhagic Moyamoya disease. Here, we present a case of the patient with trochlear nerve palsy after hemorrhagic MMD and summarize the characteristics of trochlear nerve palsy according to its lesion sites.
Introduction
Moyamoya disease (MMD) is a cerebrovascular disorder which is triggered by cerebral artery occlusion or constriction. As a consequence, the collateral circulation develops and aneurysms can grow in this abnormal vessel network.
Trochlear nerve palsy is one of the most common causes of vertical diplopia, which is often caused by head injury, infarction and ICH. The trochlear nerve innervates the superior oblique muscle; therefore, its palsy usually leads to ipsilesional hypertropia.
We report a case of the contralesional trochlear nerve palsy after hemorrhagic MMD and summarize the characteristics of trochlear nerve palsy according to its lesion sites. This is, to the best of our knowledge, the first report of contralesional trochlear nerve palsy after hemorrhagic MMD.
Case report
A 48-year-old woman was referred to a local hospital emergency room with sudden loss of consciousness. She had no underlying disease, trauma history, or prodrome. Brain computed tomography (CT) scans showed intracranial hemorrhage (ICH) at the right basal ganglia, thalamus, right fronto-teporo-parietal lobe, and right midbrain ( Fig. 1-A) . As this large hemorrhage had mass effects at the level of the midbrain, which were sufficient to shift the midline, emergent craniotomy and hematoma evacuation were done for decompression. Follow-up brain CT and brain angiography revealed the presence of Moyamoya disease (MMD) ( Fig. 1-C) ; therefore, a left superficial temporal artery to middle cerebral artery (STA-MCA) bypass was performed approximately two months after the initial surgery.
While recovering consciousness with communication ability, she complained of diplopia. Ophthalmic examination revealed left hypertropia of 15 diopters. She reported that the diplopia was improved by holding a posture of looking up and tilting her head to the right side (Fig. 2) .
We observed signs of past hemorrhage in the brain magnetic resonance imaging (MRI) at the level of the right inferior colliculus where the trochlear nucleus and intra-axial trochlear nerve lies ( Fig. 1-B ). There was no evidence of trochlear nerve compression or irritation after crossing and exit from the midbrain. Therefore, we were able to diagnose trochlear nerve palsy caused by hemorrhagic MMD.
Discussion
MMD is a chronic cerebrovascular disease characterized by steno-occlusive change resulting in ischemia and hypoxia. Ischemia drives angiogenesis that produces abnormal vascular networks of tiny branched collateral vessels. Brain hypoperfusion usually gets worse despite compensation, so intermittent headache, intellectual decline, or seizure may develop as MMD progresses. The age distribution appears bimodal, and it is relatively common in East Asian countries such as Korea and Japan. However, more recent research has demonstrated increasing numbers of adult MMD patients across nationalities [1] .
When it comes to cerebrovascular complications, MMD is a representative example of a hemodynamic cause of ischemic stroke. Territorial infarctions may be precipitated due to major vessel occlusion, and the most frequent symptom is hemiparesis or hemisensory abnormalities [2] . In addition to ischemic stroke, cerebral hemorrhage can occur as result of irregular angiogenesis. The consequent compromised blood flow dynamics cause elevated blood pressure that may lead to aneurysms. When such aneurysms rupture from any cause, ICH occurs and it may trigger various types of neurologic deficits.
Kim et al. [2] reported that approximately 30% of patients with MMD suffer from ICH due to fragile microaneurysms or false aneurysms in collateral vessels. Although any brain region can be affected, numerous previous studies have demonstrated that intraventricular, lobar, and putaminal hemorrhages are more frequent than hemorrhages in other regions. Hemorrhage at the level of the midbrain, however, is known to be much rarer [2, 3] .
The trochlear nerve innervates the superior oblique muscle and produces depression and intorsion of the eye. Therefore, its palsy leads to hypertropia of the affected eye, which in turn provokes vertical diplopia. The most common etiologies are known to be trauma and microvascular diseases, followed by brain tumor, aneurysm, infection (e.g. meningitis), and so on [4] .
The trochlear nerve originates in the trochlear nucleus, which is located in the caudal mesencephalon. The so-called intra-axial trochlear nerve runs dorsally and crosses the midline before exiting from the brainstem posteriorly [5] . The outer segment is named the extra-axial trochlear nerve and it circles anteriorly around the midbrain to the superior orbital fissure. Because of its long course, the extra-axial trochlear nerve is particularly susceptible to damage. Many previous studies have identified ipsilateral extra-axial trochlear nerve segment damage following head trauma or microvascular disorders [3, 6] .
In our case, however, trochlear nerve palsy occurred on the contralateral side to the hemorrhage. A two-month follow-up brain MRI showed an old hemorrhage at the right dorsal midbrain. Since the trochlear nucleus lies caudal to the oculomotor nuclear complex and its fascicle courses in a posteroinferior direction around the aqueduct to exit the brainstem contralaterally (Fig. 3) , we assumed that the hemorrhage directly damaged the right trochlear nucleus or intra-axial trochlear nerve before decussation, causing contralateral hypertropia [7] . We could identify left hypertropia of 15 diopters in the neutral position, which increased to 20 diopters upon tilting the head to the left and was relieved on tilting the head to the right (10 diopters). All these findings suggest left eye vertical misalignment and extorsion due to left trochlear nerve palsy. The mechanism of cranial nerve injury by intracranial hemorrhage has been suggested to include blood osmotic tonicity around the hemorrhage site, noxious effects of the blood breakdown products, and ischemia derived from the compression of the small nutrient arterioles of the nerve [8] .
To our knowledge, this is the first case of contralesional trochlear nerve palsy caused by direct damage of trochlear nucleus after hemorrhagic MMD.
Conclusion
We described a patient who suffered from left (contralesional) hypertropia following hemorrhagic MMD at the right dorsal midbrain. Therefore, we suggest that hemorrhagic MMD at the midbrain could be a cause of contralesional trochlear nerve palsy and the understanding of the lesion site of trochlear nerve is important for predicting the prognosis and for appropriate ophthalmologic management.
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